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The present study aimed to test different cryoprotectants on cryopreservation of pig ovarian 
tissue. Pig ovaries (n = 3) were collected at a local slaughterhouse. From each ovary, ten cortex 
samples were taken. One was immediately fixed (control) and another placed in short-term 
tissue incubation (STTI control). The other 8 samples were cryopreserved, in pairs, using 4 
different cryoprotectants: dimethyl sulphoxide (Me2SO – 1.5 M), ethylene glycol (EG – 1.5 M), 
propanediol (PROH – 1.5 M) and glycerol (GLY – 10%), all with 0.4% sucrose. Samples were 
slow cooled and stored in liquid nitrogen for 7 days. After thawing and cryoprotectant 
removal, one sample from each treatment was immediately fixed and the other was placed in 
short-term tissue incubation (STTI) for 2 h and then fixed. Samples were processed for 
histology and transmission electron microscopy. The percentages of morphologically normal 
follicles (MNF) in cryopreserved tissue using Me2SO (67.0 ± 4.9), EG (81.8 ± 1.4) and PROH 
(55.9 ± 9.9) were significantly lower (P < 0.05) than observed in fresh control tissue (97.7 ± 
1.2). When ovarian tissue was cryopreserved with GLY, no morphologically normal follicles 
could be found (0%). After STTI, PROH showed a significantly lower percentage of MNF when 
compared with all other treatments and the control. After ultrastructural analysis, follicles 
cryopreserved with Me2SO and EG showed some small alterations, but no signs of advanced 
degeneration. Overall, these were similar to follicles from the control group. In conclusion, it is 
possible to cryopreserve preantral follicles from pig ovarian tissue using Me2SO or EG. 
 




The use of oocytes in reproductive techniques may offer means of improving 
germplasm banks, as well as propagating valuable animal stocks and endangered species. 
Oocyte cryopreservation has frequently been attempted, but consistently with poor results. 
Among the oocytes of mammalian species, those of pigs appear to be extremely sensitive to 
low temperatures [7]. Therefore, as yet there have been no reports of successful 
cryopreservation of porcine oocytes by traditional slow freezing [30]. Detrimental effects of 
cooling on porcine oocytes were observed after IVM, and included reduced normal spindle 
formation, and decreased nuclear and cytoplasmic maturation [15]. 
An alternative strategy for storing female germ cells is the cryopreservation of ovarian 
tissue. This method enables the storage of large numbers of oocytes (within preantral 
follicles). Unlike fully-grown oocytes, oocytes in preantral follicles seem to tolerate 
cryopreservation well [10] and [27]. Oocytes within preantral follicles have several 
characteristics that should make them less vulnerable to cryoinjury than mature oocytes. The 
most important of these characteristics are: (a) the small size of the oocyte and its support 
cells; (b) its low metabolic rate; (c) the cell cycle stage (arrested at prophase of meiosis I); (d) 
the absence of a zona pellucida and lack of peripheral cortical granules; and (e) the small 
amount of cold-sensitive intracytoplasmic lipid [10] and [27]. Cryopreservation of ovarian 
tissue offers even more advantages, because ovarian tissue collection is not dependent on age 
or the stage of the estrous cycle and can even be applied to animals that die unexpectedly 
[27]. 
Cryopreservation of ovarian tissue proved to be effective for a wide range of species 
including sheep [3], [4], [10], [20] and [24], cattle [5], [16] and [21], goats [22] and [25] and 
humans [18] and [26]. 
However, there is no information about cryopreservation of preantral follicles or 
ovarian tissue in pigs. The cryopreservation of immature oocytes in preantral follicles may be a 
viable alternative for the conservation of swine female germ cells. The aim of the present 
study was to evaluate the effect of different cryoprotectants on swine preantral follicles after 
ovarian tissue cryopreservation. 
 
Material and methods 
 
Three ovaries (from three different animals) were collected from gilts a local abattoir 
and transported to the laboratory at 36–38 °C within 1 h. In the laboratory, ovaries were 
trimmed and rinsed with 70% ethanol and sterile saline solution. Ten small strips of ovarian 
cortex (2 mm × 1 mm × 1 cm) were taken from each ovary. One piece from each ovary was 
chosen at random to be the control and immediately fixed, another was placed in short-term 
tissue incubation for 2 h (STTI control) and then fixed. The other eight pieces were randomly 
assigned to one of the four cryoprotectants used, two samples per treatment. 
The four cryoprotectans used in this study were: dimethyl sulphoxide (Me2SO – 1.5 
M), ethylene glycol (EG – 1.5 M), propanediol (PROH – 1.5 M) and glycerol (GLY – 10%). All 
cryoprotectant solutions were prepared in PBS with 0.4% M sucrose. 
Ovarian tissue was frozen according to the method described for bovine ovaries [16]. 
Briefly, each ovarian sample was placed into a 1.2 ml cryogenic vial containing 1.0 ml of 
cryoprotectant solution, and frozen using a programmable freezer (Dominium K, Biocom, 
Brazil). Vials were equilibrated at 10 °C for 20 min and then cooled from 10 °C to −7 °C at 1 
°C/min and held at this temperature for 10 min. At this point, samples were manually seeded 
and then cooled at 0.3 °C/min to −30 °C. The vials were then plunged into liquid nitrogen (−196 
°C) and stored for 7 days. Samples were thawed by warming the cryovials in air for 30 s, 
followed by immersion in water at 38 °C until ice melted. The cryoprotectant was removed by 
washing the tissue samples three times (5 min each), twice in PBS containing 0.4% sucrose and 
decreasing concentrations of the cryoprotectants (0.5 and 0.25 times the concentration used 
for the cryopreservation), and once in PBS. After freezing and thawing, one of the ovarian 
slices from each treatment was placed into short-term tissue incubation (STTI) and a small 
piece was taken from the other and fixed for transmission electron microscopy (TEM). The rest 
was fixed for light microscopy (LM). A chart of the experimental treatments is presented in Fig. 
1. 
 
Fig. 1. Experimental protocol to test the effect of different cryoprotectants on the morphology of 
preantral follicles in cryopreserved swine ovarian tissue. LM – light microscopy; TEM – transmission 
electronic microscopy; STTI – short-term tissue incubation. 
 
Short-term tissue incubation 
 
For the short-term tissue incubation, each ovarian fragment was placed in 1 ml culture 
medium in a 4-well dish (Nunc, Roskild, Denmark) for 2 h. Dishes were kept at 38.5 °C in a 
humidified atmosphere of 5% CO2 in air. The culture medium consisted of Waymouth MB 
752/1 supplemented with 0.23 nm pyruvic acid, 2 mM l-glutamine, 6.25 μg/ml insulin, 6.25 
μg/ml transferring and 6.25 ng/ml selenium (ITS), 100 μm/ml l-ascorbic acid, 100 μg/ml 
penicillin, 50 μg/ml streptomycin (all from Sigma Chemical Co., St. Louis, MO, USA) and 5% 
foetal calf serum (FCS) (Gibco BRL, Life Technologies, Grand Island, NY, USA). The aim of this 
short-term tissue incubation was only to allow the tissue to return to its normal temperature 
and metabolism [21], there was no intention to promote growth. The cells could therefore 
morphologically express molecular damage that could have occurred during cryopreservation. 
 
Light microscopy evaluation 
 
Samples were fixed in Carnoy fixative for 4 h. Samples were then dehydrated in 
ethanol, clarified with xylene, embedded in paraffin wax and sectioned at 5 μm thickness. The 
sections were stained with hematoxylin and eosin (HE), end examined under a light 
microscope (Axiophot, Zeiss, Oberkochen, Germany). Only preantral follicles with visible nuclei 
were counted. Preantral follicles were classified, according to their developmental stage, as 
early preantral (one layer of flattened or flattened-cuboidal granulosa cells around the oocyte) 
or growing (one or more layers of cuboidal granulose cells around the oocyte). Follicles were 
also classified as morphologically normal (MNF) or degenerated. Follicles were considered 
degenerated when presenting pycnotic bodies in granulosa cells, condensed oocyte nucleus, 
shrunken oocyte, oocyte cytoplasm vacuolization or low cellular density. 
 
Transmission electron microscopy evaluation 
 
Small pieces of ovarian cortex were fixed in Karnowisky (2% paraformaldehyde, 2.5% 
glutaraldehyde and 0.1 M sodium cacodylate buffer, pH 7.2) for 3 h at room temperature. 
After being washed with sodium cacodylate buffer, the ovarian pieces were postfixed in a 
solution containing 1% osmium tetroxid, 0.8% potassium ferricyanide and 5 mM calcium 
chloride in 0.1 M sodium cacodylate buffer. Subsequently, the samples were dehydrated in 
acetone and embedded in Spurr. Semi-thin sections (3 μm) were stained with Toluidine Blue. 
Thin sections (70 nm) were stained with uranyl acetate and lead citrate, and examined in a Jeol 
1011 transmission electron microscope (Jeol, Tokyo, Japan). Only preantral follicles (n = 26) 
from the controls and treatments that presented higher percentages of MNF in the light 
microscopy evaluation and with normal morphology in semi-thin sections were evaluated for 
ultrastructural organization. For evaluation by transmission electron microscopy, 
characteristics of oocyte and granulosa cells, their organelles, basal, plasmatic and nuclear 
membranes were observed. 
Statistical analysis 
 
The percentages of morphologically normal follicles were compared among 
treatments. Data were transformed to arcsine √ and analyzed by ANOVA and Tukey test. 
Values were considered statistically significant when P < 0.05 and are presented as mean ± S.D. 




A total of 708 preantral follicles were analyzed (85 on average per treatment). When 
ovarian tissue was cryopreserved with GLY, no morphologically normal follicle (MNF) could be 
found (0% MNF). The percentages of MNF in fresh and cryopreserved tissue using Me2SO, EG 
or PROH as cryoprotectant, both before and after short-term tissue incubation are presented 
in Fig. 2. A very low rate of degeneration was observed in non-cryopreserved ovarian tissue 
(control: 97.7% MNF, and STTI control: 97.5% MNF). In ovarian pieces cryopreseved with 
Me2SO, EG or PROH, a significantly lower percentage of MNF was observed when compared 
with the control (P < 0.05). In contrast, after the short-term tissue incubation (STTI), the only 
treatment that differed from STTI control was cryopreservation with PROH (P < 0.05). Before 
STTI, no difference was observed when comparing cryoprotectants among each other. After 
STTI, PROH presented significantly less MNF than Me2SO and EG (P < 0.05). 
 
Fig. 2. Mean percentage (±S.D.) of morphologically normal preantral follicles (MNF) in pieces of fresh 
ovarian tissue (control) and frozen-thawed ovarian tissue using different cryoprotectants (Me2SO, EG or 
PROH) before and after short-term tissue incubation (STTI).  
* Differ from the control; ● Differ from the STTI control (P < 0.05). ab Different letters indicate 
differences among cryoprotectants after STTI. (P < 0.05). 
 
Considering only early preantral follicles (Fig. 3), significantly fewer MNF were 
observed in tissues cryopreserved with all three cryoprotectants when compared to the 
control (P < 0.05), and after STTI only PROH presented fewer MNF than STTI control (P < 0.05). 
Among cryoprotectants, EG showed higher percentages of MNF than PROH before STTI, and 
EG and Me2SO presented higher percentages of MNF than PROH after STTI (P < 0.05). 
Moreover, when comparing the results from the same cryoprotectant before and after STTI, a 
significant increase in the percentage of MNF was observed for Me2SO after STTI (P < 0.05). 
 
Fig. 3. Mean percentage (±S.D.) of morphologically normal early preantral follicles (MNEPF) in pieces of 
fresh ovarian tissue (control) and frozen-thawed ovarian tissue using different cryoprotectants (Me2SO, 
EG or PROH) before and after short-term tissue incubation (STTI). * Differ from the control (P < 0.05); ● 
Differ from the STTI control (P < 0.05). ab Different letters indicate differences among cryoprotectants 
before STTI (P < 0.05). cd Different letters indicate differences among cryoprotectants after STTI (P < 
0.05). AB Different letters indicate differences between before and after STTI for the same 
cryoprotectant (P < 0.05). 
 
Considering growing preantral follicles (Fig. 4), significantly fewer MNF were observed 
in tissues cryopreserved with Me2SO and PROH when compared to the control (P < 0.05), and 
after STTI all three cryoprotectants presented fewer MNF than STTI control (P < 0.05). 
Moreover, PROH showed significantly inferior results than EG and Me2SO both before and 
after STTI (P < 0.05). 
 
Fig. 4. Mean percentage (±S.D.) of morphologically normal growing follicles (MNGF) in pieces of fresh 
ovarian tissue (control) and frozen-thawed ovarian tissue using different cryoprotectants (Me2SO, EG or 
PROH) before and after short-term tissue incubation (STTI).  
* Differ from the control (P < 0.05); ● Differ from the STTI control (P < 0.05). ab Different letters indicate 
differences among cryoprotectants before STTI (P < 0.05). cd Different letters indicate differences 
among cryoprotectants after STTI (P < 0.05). 
 
At the histological analysis, MNF were characterized by a round or oval oocyte, 
presenting a well-delimited nucleus with uncondensed chromatin, surrounded by well-
organized granulosa cells without pycnotic nuclei (Fig. 5A and B). In degenerated follicles, the 
most predominant characteristics were picnosis of oocyte nucleus, shrunken oocyte, oocyte 
cytoplasm vacuolization and disorganized granulosa cells (Fig. 5C and D). 
 
 
Fig. 5. Histological sections of preantral follicles. (A) Morphologically normal early preantral follicle 
cryopreserved with Me2SO. (B) Morphologically normal growing follicle cryopreserved with EG. (C) 
Degenerated early preantral follicle cryopreserved with PROH after short-term tissue incubation, note 
the disorganization of granulosa cells. (D) Degenerated growing follicle cryopreserved with PROH, note 
the oocyte with a pycnotic nucleus and vacuolated cytoplasm. O: oocyte, GC: granulosa cells, Nu: 
nucleus. Barr = 20 μm. 
 
The ultrastructural analysis showed that follicles from control group (Fig. 6A) 
presented oocytes with a large central nucleus well-delimited by the nuclear envelope. 
Organelles were uniformly distributed throughout the cytoplasm. Round mitochondria were 
the most evident organelle. A small number of elongated mitochondria were also observed in 
some cases. A few cisternae of smooth endoplasmic reticulum, lipid droplets and vesicles were 
also seen evenly distributed throughout a homogeneous cytoplasm. 
 Fig. 6. Electron micrographs of follicles from control (A) and cryopreserved with EG (B) and Me2SO 
before (C) and after STTI (D). Note the normal ultrastructure (A and C), with round mitochondria and 
endoplasmic reticulum cisternae. The main alterations observed in cryopreserved follicles were swollen 
mitochondria (D). Oocyte cytoplasm in cryopreserved follicles also presented a granulated appearance 
(B) and some empty spaces (D). O: oocyte, GC: granulosa cells, Nu: nucleus, l: lipid droplets, m: 
mitochondria, er: endoplasmic reticulum cisternae, *: empty spaces. 
 
Follicles from the STTI control showed an ultrastructure similar to the control (Fig. 6A), 
although some mitochondria lost their cristae and presented a granulated matrix. Moreover, 
some follicles showed empty spaces in the ooplasm. 
In general, the ultrastructure of follicles cryopreserved with Me2SO or EG, both before 
and after short-term tissue incubation, was similar. Although their ultrastructure was not very 
different (Fig. 6C) from control follicles, some alterations could be observed. Oocyte cytoplasm 
in cryopreserved follicles sometimes presented a granulated appearance (Fig. 6B) and some 
empty spaces (Fig. 6D). Swollen mitochondria (Fig. 6D) could also be seen. In all follicles 
analyzed, granulosa cells presented a normal appearance. 
Discussion 
 
This study describes, for the first time, the effect of different cryoprotectants on 
cryopreservation of preantral follicles in swine ovarian tissue. Similar comparative studies 
were performed on ovarian tissue from humans [26], ovines [3], [4] and [24], caprines [22] and 
[25], bovines [5] and [16] and felines [14]. 
In the present study, swine ovarian tissue was better preserved in Me2SO or EG than 
in PROH or GLY. Me2SO and EG have been reported as the best cryoprotective agents for 
cryopreservation of ovarian tissue in many species (bovine [5] and [16], caprine [22] and [25] 
ovine [3], [4] and [24], humans [26] and feline [14]). When compared with each other, some 
authors found that EG was better than Me2SO for cryopreserving ovine, bovine and caprine 
ovarian tissue [3], [4], [5] and [25]. However, some other studies with bovines [16] and ovines 
[24] showed that Me2SO presented better results than EG. 
When penetration rates of GLY, EG, Me2SO and PROH were compared, results 
indicated EG and Me2SO as the best ovarian tissue cryoprotectants, as they have lower 
molecular weight, which permits a faster penetration compared with PROH and GLY [19]. 
According to the same author, the extent of follicular survival is at least in part determined by 
the speed of cryoprotectant permeation. Because most cells are relatively impermeable to 
GLY, its use might lead to severe osmotic effects and consequently it is not indicated for 
several different systems, including ovarian tissue [1]. 
A significant effect of the post-thaw short-term tissue incubation was only observed 
for early preantral follicles cryopreserved with Me2SO, where an increase in the percentage of 
MNF was observed after the 2 h incubation. This suggests that some follicles classified as 
degenerated might have recovered their normal morphology after the incubation. Paynter et 
al. [21] stated that a short term period (1–4 h) of post-thaw culture allows follicular cells to 
reestablish metabolic activity, normal cell volume control, and cell–cell contacts. These 
authors found in their study that the process of rewarming cryopreserved tissue in culture 
medium for 1 h enhanced follicle recovery. 
Our study also demonstrated that although ovarian tissue cryopreserved with EG and 
Me2SO presented high percentage of morphologically normal follicles using histological 
analysis, these follicles sometimes showed minor alterations when evaluated by transmission 
electron microscopy. Previous studies on frozen-thawed ovarian tissue [16] and [28] reported 
that histology results are not always confirmed by ultrastructural analysis. 
 
In the present study, discreet changes in the ultrastructure, such as swollen 
mitochondria and some void areas, were seen in pig preantral follicles cryopreserved with 
Me2SO and EG. Such areas in the oocyte cytoplasm may represent endoplasmic reticulum 
swelling [29] and [31]. Swollen endoplasmic reticulum and mitochondria were already 
described in oocytes [28] and [32] luteal cells [6] and [9] and other cell types [8] and [11]. The 
swelling of mitochondria and endoplasmic reticulum are described as a consequence of 
changes in ionic balance caused by altered plasma membrane permeability [6]. In the present 
experiment, these alterations may be due to osmotic effects related to the cryoprotective 
agents or the cryopreservation process. Although swollen mitochondria could affect cellular 
metabolism [11] and [23], this change was showed to be reversible in a short time period [12] 
and [13]. Discreet changes in the ultrastructure of preantral follicles were also seen in sheep 
ovarian tissue cryopreserved with EG [25]. According to Silva et al. [28], swelling of 
mitochondria and endoplasmic reticulum with increased volume are very early signs of oocyte 
degeneration. Signs of advanced degeneration were not observed in the present study. 
Although in this work some ultrastructural alterations were observed in the oocytes of 
cryopreserved follicles, granulosa cells always showed a normal appearance. It is already 
known that, in preantral follicles, the oocyte is more sensitive to degeneration than granulosa 
cells [2]. 
Although morphological evaluation is very useful to access the extent of damage in 
cells submitted to cryopreservation protocols [17], it is not always correlated to the viability or 
developmental competence of the follicles [32]. Therefore, a more comprehensive evaluation 
of cryodamage should be assessed using other methods [3], such as viability tests or long term 
culture to achieve growth and development. 
In conclusion, the present study showed that preantral follicles in swine ovarian tissue 
were better cryopreserved using Me2SO or EG than PROH or GLY. Although more studies must 
be carried out to determine an optimal method to cryopreserve pig preantral follicles in 
ovarian tissue, the present work represents an advance in this field. Since the cryopreservation 
of pig oocytes from antral follicles show very poor results, the cryopreservation of preantral 
follicles represents a good alternative in this species and must be better studied. 
 
Acknowledgments 
This work was supported by FAP-DF, CNPq, CAPES, FINEP and FINATEC. The authors thank Dr. 
C. McManus for the English correction of the manuscript. 
 
 
[1] C.A. Amorim, D. Rondina, C.M. Lucci, P.B.D. Gonçalves, J.R. Figueiredo, A. Giorgetti, 
Permeability of ovine primordial follicles to different cryoprotectants, Fertil. Steril. 85 (2006) 
1077–1081. 
 
[2] R. Braw-Tal, S. Yossefi, Studies in vivo and in vitro on the initiation of follicle growth in the 
bovine ovary, J. Reprod. Fert. 109 (1997) 165–171. 
 
[3] G. Cappachietti, S. Cecconi, L. Gioia, M. Turriani, Effect of cryoprotectant agents on the 
potential development of sheep preantral follicles, Vet. Res. Comun. 28 (2004) 173–176. 
 
[4] S. Cecconi, G. Capacchietti, V. Russo, P. Berardinelli, M. Mattioli, B. Barboni1, In vitro 
growth of preantral follicles isolated from cryopreserved ovine ovarian tissue, Biol. Reprod. 70 
(2004) 12–17. 
 
[5] J.J.H. Celestino, R.R. Santos, C.A.P. Lopes, F.S. Martins, M.H.T. Matos, M.A.P. Meloa, S.N. 
Báo, A.P.R. Rodrigues, J.R.V. Silva, J.R. Figueiredo, Preservation of bovine preantral follicle 
viability and ultra-structure after cooling and freezing of ovarian tissue, Anim. Reprod. Sci. 108 
(2008) 309–318. 
 
[6] R.A. Coss, W.C. Dewey, J.R. Bamburg, Effects of hyperthermia (41,5) on Chinese hamster 
ovary cells analyzed in mitosis, Cancer Res. 39 (1979) 1911–1918. 
 
[7] B.A. Didion, D. Pomp, M.J. Martin, G.E. Homanics, C.L. Markert, Observations on the cooling 
and cryopreservation of pig oocytes at the germinal vesicle stage, J. Anim. Sci. 68 (1990) 2803–
2810. 
 
[8] S. Ding, J. Li, C. Jin, A mouse model of severe acute pancreatitis induced with caerulein and 
lipopolysaccharide, World J. Gastroenterol. 9 (2003) 584–589. 
 
[9] M.J. Fields, C.M. Barros, W.B. Watkins, P.A. Fields, Characterization of large luteal cells and 
their secretory granules during the estrous cycle of the cow, Biol. Reprod. 46 (1992) 535–545. 
 
[10] R.G. Gosden, D.T. Baird, J.C. Wade, R. Webb, Restoration of fertility to oophorectomized 
sheep by ovarian autografts stored at 196 C, Hum. Reprod. 9 (1994) 597–603.  
 
[11] A. Kaasik, D. Safiulina, V. Choubey, M. Kuum, A. Zharkovsky, V. Veksler, Mitochondrial 
swelling impairs the transport of organelles in cerebellar granule neurons, J. Biol. Chem. 282 
(2007) 32821–32826. 
 
[12] M.M. Kalashnikova, Physiological and reparative regeneration of the mitochondria, Bull. 
Eksp. Biol. Med. 88 (1979) 84–87. 
 
[13] M. Kwiatkowska, Changes in ultrastructure of mitochondria during the cell cycle, Folia 
Histochem. Cyto. 19 (1981) 99–105. 
 
[14] A.K.F. Lima, A.R. Silva, R.R. Santos, D.M. Sales, A.F. Evangelista, J.R. Figueiredo, L.D.M. 
Silva, Cryopreservation of preantral ovarian follicles in situ from domestic cats (Felis catus) 
using different cryoprotective agents, Theriogenology 66 (2006) 1664–1666.  
 
[15] R.H. Liu, Q.Y. Sun, Y.H. Li, L.H. Jiao, W.H. Wang, Maturation of porcine oocytes after 
cooling at the germinal vesicle stage, Zygote 11 (2003) 299–305. 
 
[16] C.M. Lucci, M.A. Kacinskis, L.H.R. Lopes, R. Rumpf, S.N. Báo, Effect of different 
cryoprotectants on the structural preservation of follicles in frozen zebu bovine (Bos indicus) 
ovarian tissue, Theriogenology 61 (2004) 1101–1114. 
 
[17] M.H.T. Matos, J.R.V. Silva, A.P.R. Rodrigues, J.R. Figueiredo, Técnicas para avaliação da 
qualidade de folículos ovarianos pré-antrais cultivados in vitro, Rev. Bras. Reprod. Anim. 31 
(2007) 433–442. 
 
[18] H. Newton, Y. Aubard, A. Rutherford, V. Sharma, R. Gosden, Low temperatures storage 
and grafting of humans ovarian tissue, Hum. Reprod. 11 (1996) 487–491.  
 
[19] H. Newton, J. Fisher, J.R.P. Arnold, D.E. Pegg, M.J. Faddy, R.G. Gosden, Permeation of 
human ovarian tissue with cryoprotective agents in preparation for cryopreservation, Hum. 
Reprod. 13 (1998) 376–380. 
 
[20] H. Newton, H. Picton, R.G. Gosden, In vitro growth of oocyte-granulosa cell complexes 
isolated from cryopreserved ovine tissue, J. Reprod. Fert. 115 (1999) 141–150.  
 
[21] S.J. Paynter, A. Cooper, B.J. Fuller, R.W. Shaw, Cryopreservation of bovine ovarian tissue: 
structural normality of follicles after thawing and culture in vitro, Cryobiology 38 (1999) 301–
309. 
 
[22] A.P.R. Rodrigues, C.A. Amorim, S.H.F. Costa, M.H.T. Matos, R.R. Santos, C.M. Lucci, S.N. 
Báo, O.M. Ohashi, J.R. Figueiredo, Cryopreservation of caprine ovarian tissue using 
dimethylsulphoxide and propanediol, Anim. Reprod. Sci. 84 (2004) 211–227.  
 
[23] D. Safiulina, V. Veksler, A. Zharkovsky, A. Kaasik, Loss of mitochondrial membrane 
potential is associated with increase in mitochondrial volume: physiological role in neurons, J. 
Cell. Physiol. 206 (2006) 347–353.  
 
[24] R.R. Santos, A.P.R. Rodrigues, S.H.F. Costa, J.R.V. Silva, M.H.T. Matos, C.M. Lucci, S.N. Báo, 
R. Van den Hurck, J.R. Figueiredo, Histological and ultrastructural analysis of cryopreserved 
sheep preantral follicles, Anim. Reprod. Sci. 91 (2006) 249–263.  
 
[25] R.R. Santos, T. Tharasanit, J.R. Figueiredo, T.V. Haeften, R. Van den Hurk, Preservation of 
caprine preantral follicle viability after cryopreservation in sucrose and ethylene glycol, Cell 
Tissue Res. 325 (2006) 523–531.  
 
[26] K.L.T. Schmidt, E. Ernst, A.G. Byskov, A.V. Andersen, C.Y. Andersen, Survival of primordial 
follicles following prolonged transportation of ovarian tissue prior to cryopreservation, Hum. 
Reprod. 18 (2003) 2654–2659.  
 
[27] J.M. Shaw, A. Oranratnachai, A.O. Trounson, Fundamental cryobiology of mammalian 
oocytes and ovarian tissue, Theriogenology 53 (2000)  59–72. 
 
[28] J.R.V. Silva, S.N. Báo, C.M. Lucci, F.C.A. Carvalho, E.R. Andrade, M.A.L. Ferreira, J.R. 
Figueiredo, Morphological and ultrastructural changes occurring during degeneration of goat 
preantral follicles preserved in vitro, Anim. Reprod. Sci. 66 (2001) 209–223. 
 
[29] M.E. Sobaniec-Lotowska, D.Z. Lebensztejn, Ultrastructure of Kupffer cells and hepatocytes 
in the Dubin–Johnson syndrome: a case report, World J. Gastroenterol. 12 (2006) 987–989. 
 
[30] T. Somfai, M. Ozawa, J. Noguchi, H. Kaneko, N.W.K. Karja, M. Farhudin, A. Dinnyés, T. 
Nagai, K. Kikushi, Developmental competence of in vitro-fertilized porcine oocytes after in vitro 
maturation and solid surface vitrification: effect of cryopreservation on oocyte antioxidative 
system and cell cycle stage, Cryobiology 55 (2007) 115–126. [31] R. Tassel, J.P. Kennedy, Early 
follicular development and atretic changes in the ovary of the lamb – fine structure and 
histochemistry, Aust. J. Biol. Sci. 33 (1980) 675–687.  
 
[32] R. Van, E.R. der Hurk, W.J. Spek, T. Hage, J.H. Fair, K. Ralph Schotanus, Ultrasctructure and 
viability of isolated bovine preantral follicles, Hum. Reprod. Update 4 (1998) 833–841. 
